summarizes information regarding the source and isolation of all Endozoicomonas strains characterized to date.
Samples (~30 g) of E. fusca and Plexaura sp. tissue were collected by SCUBA in June 2009. Healthy samples of octocoral branches were excised aseptically from a coral colony and placed into Whirl-Paks (Nasco; Fisher Scientific) underwater. On the surface, the samples were placed into a bucket of seawater and maintained at 18-22 u C until samples were processed (,4 h). Coral samples were cut aseptically into 0.5-1.0 cm lengths, transferred into 50 ml centrifuge tubes and washed three times with sterile, filtered (0.22 mm cellulose acetate; Corning) seawater (SFSW) by vigorously shaking to remove loosely associated bacteria. Approximately half of each octocoral sample was homogenized in SFSW and subsequently separated into different-sized particles (¢500 mm, ¢213 mm, ¢104 mm, ¢51 mm, ,51 mm) by using an adapted particle-filtration apparatus (Bills & Polishook, 1994 ). Serial dilutions of particle sizes 213-104 mm, 104-51 mm and ,51 mm were plated onto marine agar 2216 (MA; BD Difco) in 48-well plates. Plates were incubated at 22 u C for up to 6 months, and strains EF212
T and PS125 T were purified as single colonies 2 weeks after initial plating from a 1/1000 dilution of ,51 mm particles plated on MA. Strains were grown in marine broth 2216 (MB; BD Difco) and preserved in 25 % glycerol at 280 uC. Reference strains E. elysicola KCTC 12372
T and E. montiporae LMG 24815 T were obtained from the Korean Collection for Type Cultures and the Belgian Coordinated Collections of Microorganisms/LMG Bacteria Collection, respectively, for comparative experiments.
Cell morphology was determined using a phase-contrast light microscope (Leica DME; EC3 Microsystems), and colony morphology was determined with a stereomicroscope (WILD Heerbrugg; Leitz). Cell motility was tested using the hanging drop method (Collins et al., 2004) , and ultrastructure appendages (e.g. flagella and pili) were confirmed using transmission electron microscopy (TEM) (Hitachi BioTEM 7500; Nissei-Sangyo) and imaged using a digital camera (AMT XR40 side mount; Advance Microscopy Techniques). For TEM, cells were fixed in 3 % glutaraldehyde in sterile Instant Ocean sea salt (36 g l 21 ; Spectrum Brands), applied to colloidin-coated copper grids (400 mesh) and negatively stained with 5 % (w/v) uranyl acetate prepared in 50 % (v/v) ethanol. A Gram-stain kit (BD Difco) was used to determine the Gram reaction.
The NaCl range and optimum were tested in nutrient broth (NB; EMD Chemicals) supplemented with increasing concentrations of NaCl [0, 0.5 and 1.0-5.0 % (w/v) in 1.0 % increments]. Cultures were grown at room temperature (22 u C) and 250 r.p.m. for 5 days. The temperature range and optimum were determined in MB at 4, 15, 22, 30, 37 and 45 u C at 250 r.p.m. for 5 days. The pH range and optimum were tested in medium composed of 1.0 g peptone l 21 (EMD Chemicals), 5.0 g yeast extract l
21
(EMD Chemicals) and 3.5 % NaCl with the following biological buffers: pH 3.0-4.0, glycine/HCl; pH 4.0-6.0, phosphate/citrate buffer; pH 6.0-8.0, Sorensen's phosphate buffer; pH 8.0-11.0, glycine/NaOH. Media were prepared at intervals of 1.0 pH unit, and the pH was adjusted prior to sterilization and measured after sterilization to ensure maintenance of a steady pH. Cultures were grown at 250 r.p.m. for 5 days. All growth experiments were conducted in triplicate, and growth was determined by measuring turbidity (OD 600 ) on a NanoDrop spectrophotometer (ND-1000; NanoDrop Technologies). Anaerobic metabolism was tested using the BD GasPak EZ kit (BD Difco) according to the manufacturer's instructions.
Strains EF212
T and PS125 T (as well as E. elysicola KCTC 12372
T and E. montiporae LMG 24815 T and appropriate controls) were examined phenotypically using a number of biochemical characterization tests. Catalase and oxidase activity were determined using commercially available kits (both from BD). DNase (BD; BBL) and lipase (BD) activity, as well as the hydrolysis of starch, casein (BD; Difco) and Tweens 20, 40, 60 and 80 (Sigma) were determined using standard methods (Gerhardt et al., 1994; MacFaddin, 2000) . The API 20 NE (bioMérieux), API ZYM (bioMérieux) and MicroPlate GN2 (Biolog) phenotypic test kits were used to determine enzyme activities and carbon source utilization of strains EF212
T and PS125
T . The API ZYM strips were read after 4.5 h at 30 uC, the API 20 NE strips were read after 84 h at 30 uC and the Biolog GN2 MicroPlates were read after 72 h at 30 u C. All tests were performed at least in triplicate and according to the manufacturer's instructions, with the exception of the API 20 NE plates, where bacteria were suspended in sterile 2 % (w/v) NaCl, and the GN2 Biolog plates, where bacteria were suspended in GNGP-IF [per litre: 0.2 g Phytagel (Sigma) and 0.30 g Pluronic-F68 (Sigma)] with 3 % (w/v) NaCl.
Sensitivity to antibiotics was tested by placing discs impregnated with antibiotic on MA plates inoculated with 100 ml 2-day-old cultures of EF212 T and PS125 T (as well as E. montiporae LMG 24815 T ) grown in MB (diluted to 0.5 McFarland standard). Discs were impregnated with the following quantities of each antibiotic: ampicillin (10 mg), chloramphenicol (30 mg), gentamicin (10 mg), kanamycin (30 mg), nalidixic acid (30 mg), rifampicin (5 mg), streptomycin (10 mg), tetracycline (30 mg), novobiocin (30 mg) and penicillin G (10 mg). Zones of inhibition indicating antibiotic susceptibility were measured in triplicate experiments after 3 days of incubation at 22 u C. Susceptible strains had a zone of inhibition .3 mm, moderately susceptible strains had inhibition zones 1-3 mm and resistant strains had zones of inhibition ,1 mm. Differentiating phenotypic characteristics between the five characterized Endozoicomonas species are listed in Table 1 and Table S2 (Biolog GN2 Microplate results), and a detailed description of all results is given in the species descriptions.
The chemotaxonomy of the two novel strains was also investigated. Analysis of fatty acid methyl esters (FAME) was carried out by the DSMZ (Braunschweig, Germany). 
Utilization of (Biolog): Dextrin Biomass (30 mg freeze-dried cells) of strains EF212 T and PS125
T was obtained from cells grown in NB with 3 % NaCl at 22 u C and 250 r.p.m. for 3 days. FAME were obtained by saponification, methylation and extraction using minor modifications of the method of Miller (1982) and Kuykendall et al. (1988) . The FAME mixtures were separated using the Sherlock Microbial Identification System (MIS, version 6.1; MIDI, Microbial ID) (Sasser, 1990) , which consisted of an Agilent model 6890N gas chromatograph fitted with a 5 % phenyl-methyl silicone capillary column (0.2 mm625 m), a flame-ionization detector, Agilent model 7683A automatic sampler and an HP computer with MIDI database (Hewlett Packard Co.; methods TSBA40 and TSBA6). The predominant fatty acids of EF212
T and PS125 T were summed feature 3 (C 16 : 1 v6c and/or C 16 : 1 v7c), summed feature 8 (C 18 : 1 v6c and/or C 18 : 1 v7c), C 16 : 0 and C 14 : 0 . A comparison of the FAME profiles of the five characterized type strains of Endozoicomonas is shown in Table S3 .
Respiratory quinones were estimated using the methods of Tindall (1990a, b) and the analysis was carried out by the DSMZ using biomass (200 mg freeze-dried cells) of the two strains prepared as described above. The major respiratory quinones of EF212
T and PS125 T were ubiquinones Q-9 (79 and 72 %, respectively) and Q-8 (22 and 21 %, respectively). A comparison of the respiratory quinones between the five characterized type strains of Endozoicomonas is provided in Table S4 .
Analysis of protein profiles of the two novel strains and E. montiporae LMG 24815 T was carried out using MALDI-TOF MS on a Microflex Bruker Daltonics mass spectrometer equipped with a 20 Hz nitrogen laser (laser power 50 %; up to 400 shots fired; laser frequency 20.0 Hz; mass range 2000-12 000 m/z). The MALDI BioTyper version 2.0 software package (Bruker Daltonik GmbH) was used to analyse spectra. Cells grown for 72 h on MA were stamped on a stainless steel target plate overlaid with matrix (1.5 ml a-cyano-4-hydroxycinnamic acid), allowed to dry and then examined using MALDI-TOF MS. Differences were observed between the protein profiles of the three strains (Fig. S1 ).
In addition to the phenotype and chemotype of the two novel strains being examined, the genotype was also investigated. The DNA G+C content was determined by the DSMZ using the methods of Mesbah et al. (1989) . Biomass (2 g wet weight) of EF212 T and PS125 T was obtained from cells grown in NB with 3 % NaCl at 22 u C and 250 r.p.m. for 3 days. The DNA G+C contents of strains EF212
T and PS125 T were 48.6 and 47.5 mol%, respectively.
For 16S rRNA gene sequence analysis, extraction of genomic DNA for both strains was carried out using the UltraClean Microbial DNA Isolation kit (MoBio Laboratories, Inc.) from cells grown in MB for 3 days at 250 r.p.m. and 30 u C. PCR amplification of the nearly fulllength 16S rRNA gene was done using the universal eubacterial 16S rRNA gene primers 27F (59-AGAGTT-TGATCCTGGCTCAG-39) and 1525R (59AAGGAGGTG-ATCCAGCC-39) (Lane, 1991) Altschul et al., 1997) using the BLASTN algorithm to determine approximate phylogenetic relatedness by comparing sequences to those in the GenBank database. In addition, sequences were compared to those in the EzTaxon database (http://eztaxon-e.ezbiocloud. net/; Kim et al., 2012) . Multiple sequences of closely related strains were aligned using BioEdit version 7.0.5.3 (Hall, 1999) , and phylogenetic and molecular evolutionary analyses were conducted using MEGA version 4 (Tamura et al., 2007) . The evolutionary history of the two novel strains was inferred using multiple methods: minimum evolution (ME) (Rzhetsky & Nei, 1992) , maximum-parsimony (Eck & Dayhoff, 1966) , UPGMA (Sneath & Sokal, 1973) and neighbour-joining (Saitou & Nei, 1987) . A similar topology was obtained in all phylogenetic trees generated on the 43 taxa. Bootstrap analysis was performed with 1000 resamplings (Felsenstein, 1985) . Evolutionary distances were computed using the JukesCantor method (Jukes & Cantor, 1969) and are in units of the number of base substitutions per site. The ME tree ( Fig. 1) was searched using the close-neighbour-interchange (CNI) algorithm (Nei & Kumar, 2000) at a search level of 1. The neighbour-joining algorithm (Saitou & Nei, 1987) was used to reconstruct the initial tree. All positions containing gaps and missing data were eliminated from the dataset (complete deletion option). There was a total of 1268 positions in the final dataset. A comparison of the nearly full-length 16S rRNA gene sequences of strains EF212
T and PS125 T to members of closely related genera showed that the novel strains formed a clade with the closely related strains E. montiporae CL-33 T , E. elysicola MKT110
T and E. numazuensis HC50 T , comprising the genus Endozoicomonas (Fig. 1, smaller box) in the family Hahellaceae (Fig. 1, larger T and PS125 T and other species with validly published names within the family Hahellaceae and order Oceanospirillales of the Gammaproteobacteria were below 94 and 95 %, respectively.
Maricurvus nonylphenolicus KU41E T (AB626730)
Umboniibacter marinipuniceus KMM 3891 T (AB467279)
Microbulbifer hydrolyticus DSM 11525 T (AJ608704)

Dasania marina KOPRI 20902 T (AY771747)
Saccharophagus degradans 2-40 T (CP000282)
Simiduia agarivorans SA1 T (EF617350)
Teredinibacter turnerae T7902 T (AY028398)
Gilvimarinus chinensis QM42 T (DQ822530)
Marinimicrobium koreense M9 T (AY839869)
Cellvibrio mixtus ACM 2601 T (AF448515)
Azomonas agilis ATCC 7494 T (AB175652)
Azotobacter chroococcum IAM 12666 T (AB175653)
Pseudomonas aeruginosa LMG 1242 T (Z76651)
Porticoccus litoralis IMCC 2115 T (EF468719)
Marinobacter hydrocarbonoclasticus MBIC 1303 T (AB019148)
Alcanivorax borkumensis SK2 T (Y12579)
Thioprofundum lithotrophica 106 T (AB468957)
Hahella chejuensis KCTC 2396 T (CP000155)
Zooshikella ganghwensis JC2044 T (AY130994)
Kistimonas scapharcae A36 T (JF811908)
Kistimonas asteriae KMD001 T (EU599216) 'Endonucleobacter bathymodioli' (FM162188)
Endozoicomonas gorgoniicola PS125 T (JX488685)
Endozoicomonas elysicola MKT110 T (AB196667)
Endozoicomonas euniceicola EF212 T (JX488684)
Endozoicomonas numazuensis HC50 T (AB695088)
Endozoicomonas montiporae CL-33 T (FJ347758)
Oceaniserpentilla haliotis DSM 19503 T (AM747817)
Spongiispira norvegica Gp 4 7.1 T (AM117931)
Bermanella marisrubri RED65 T (AY136131)
Reinekea marinisedimentorum DSM 15388 T (AJ561121)
Saccharospirillum impatiens EL-105 T (AJ315983)
Balneatrix alpica 4-87 T (Y17112)
Oceanospirillum linum ATCC 11336 T (M22365)
Amphritea atlantica M41 T (AM156910)
Neptuniibacter caesariensis MED92 T (AY136116)
Marinobacterium georgiense KW-40 T (U58339)
Neptunomonas naphthovorans NAG-2N-126 16S T (AF053734)
Colwellia psychrerythraea ATCC 27364 T (AB011364)
Zobellella denitrificans ZD1 T (DQ195675)
Shewanella putrefaciens ATCC 8071 T (X82133)
Rheinheimera baltica OSBAC1 T (AJ441080)
Escherichia coli Although there are only five species of Endozoicomonas with validly published names to date (including those described in this report), the 16S rRNA gene sequences of several uncultured and cultured bacteria closely related to the characterized strains are present in GenBank. Phylogenetic trees of these closely related isolates were reconstructed in MEGA4 as described above. A similar topology was obtained in all phylogenetic trees generated on the 70 taxa. Fig. S2 shows the evolutionary history inferred using the ME method (Rzhetsky & Nei, 1992) with parameters identical to those described above except that the final dataset consisted of 1189 positions. The Endozoicomonas phylotypes were grouped loosely by isolation source (e.g. octocoral, coral, sponge, bivalve, etc.), which is supported by the grouping of EF212
T within an octocoral clade. However, PS125
T grouped within a sponge and coral clade.
BOX PCR using the BOX1AR primer (Koeuth et al., 1995) was carried out on EF212 T , PS125
T , E. elysicola KCTC 12372
T and E. montiporae LMG 24815 T to determine genotypic differences between these closely related strains (Fig. S3 ). Significant differences in BOX PCR fingerprinting patterns were observed between all strains examined, indicating that each bacterium represents a distinct species of Endozoicomonas, further confirming the conclusion drawn from comparison of 16S rRNA gene sequences (Stackebrandt & Goebel, 1994; Tindall et al., 2010) . However, to validate the distinct species status of the strains, DNA-DNA hybridization experiments were performed on EF212 T , PS125
T and E. montiporae LMG 24815
T following the methods of De Ley et al. (1970) with the modifications described by Huss et al. (1983) ; this was carried out by the DSMZ. The results of this experiment confirmed the presence of four distinct species, with DNA-DNA relatedness values well below the 70 % cut-off level commonly used to define a genomic species (Table S5 ).
In addition to representing novel species, these bacteria potentially play important ecological roles in their octocoral hosts. A culture-independent study using 454-pyrosequencing (Pike et al., 2012) revealed that these bacteria were dominant members of the microbial community in their respective octocorals. Numerous cultureindependent studies of marine invertebrates have shown similar dominance of members of Endozoicomonas (often incorrectly referred to as the uncharacterized genus 'Spongiobacter' or simply referred to as gammaproteobacteria clones) (e.g. Bellantuono et al., 2012; Bourne & Munn, 2005; Bourne et al., 2008; Cooney et al., 2002; Hansson et al., 2009; Jackson et al., 2012; Kennedy et al., 2008; Kvennefors et al., 2010; Lee et al., 2012; Littman et al., 2009; Lopez et al., 2008; Menezes et al., 2010; Morrow et al., 2012; Pike et al., 2012; Rohwer et al., 2001; Schuett et al., 2007; Zurel et al., 2011) . Previous studies have demonstrated that coralassociated Endozoicomonas strains probably contribute to the degradation of sulfur compounds [e.g. dimethylsulfoniopropionate (DMSP)] (Raina et al., 2009 (Raina et al., , 2010 produced by endosymbiotic dinoflagellate microalgae (Keller et al., 1989 ) that reside in the invertebrate host. Furthermore, the genome sequence of a related member of the family Hahellaceae, Hahella chejuensis (Jeong et al., 2005) , revealed that over 2 % of the genome was devoted to genes associated with secondary metabolism (e.g. polyketide synthase and non-ribosomal peptide synthetase genes) (Donadio et al., 2007) . Thus, EF212
T and PS125 T may play a key role in the health of the octocoral holobiont though nutrient cycling and protection from invading pathogens. Results of a current effort to sequence the genomes of EF212 T and PS125
T will undoubtedly shed light on the role of these bacteria in their octocoral hosts.
Emended description of the genus Endozoicomonas Kurahashi and Yokota 2007
The description of the genus, originally defined by Kurahashi & Yokota (2007) with modifications by Nishijima et al. (2013) , should be expanded to include the following characteristics. Colony colour on MA may be beige or white. They can be strict aerobes or facultative anaerobes (Nishijima et al., 2013) . The major cellular fatty acids include summed feature 3 (C 16 : 1 v6c and/or C 16 : 1 v7c), summed feature 8 (C 18 : 1 v6c and/or C 18 : 1 v7c) and C 16 : 0 . All species also contain C 14 : 0 and C 10 : 0 3-OH, although in varying quantities. All other FAME are species dependent and not consistent across all species in presence or abundance. The DNA G+C content is 47.5-50.4 mol%. All species in the genus known to date have been reported to utilize a-Dglucose and N-acetyl-D-glucosamine as carbon sources. In addition, Tweens 40 and 80 and a-ketoglutaric acid are metabolized by all known strains except E. numazuensis NBRC 108893
T (use of these carbon sources not tested for this strain). As a general observation, all species to date have also been isolated from benthic, marine invertebrates.
Description of Endozoicomonas euniceicola sp. nov.
Endozoicomonas euniceicola (eu.ni.ce.i9co.la. N.L. n. Eunicea name of a zoological genus; L. suff. cola dweller; N.L. n. euniceicola Eunicea dweller).
Cells are Gram-negative, motile rods, 0.6-0.9 mm wide (mean, 0.7 mm) and 1.7-2.6 mm long (mean, 2.0 mm). Colonies on MA are white, circular and convex. Colonies are 0.2-0.5 mm in diameter on MA after 72 h of incubation at 25 u C. Growth occurs at 15-30 u C, at pH 7.0-8.0 and with minimal growth at ,1 % and .4 % NaCl. Optimal growth occurs at 22-30 u C, at pH 8.0 and with 2-3 % NaCl. The type strain, EF212
T (5NCCB 100458 T 5DSM 26535 T ), was isolated from the octocoral Eunicea fusca, collected off the coast of Florida at a depth of 12.5 m. The DNA G+C content of the type strain is 48.6 mol%.
Description of Endozoicomonas gorgoniicola sp. nov.
Endozoicomonas gorgoniicola (gor.go.ni.i9co.la. N.L. n. Gorgonia name of a zoological genus; L. suff. cola dweller; N.L. n. gorgoniicola Gorgonia dweller).
Cells are Gram-negative, motile rods, 0.4-0.9 mm wide (mean, 0.7 mm) and 1.7-2.5 mm long (mean, 2.0 mm). Colonies on MA are creamy-white, circular and convex. Colonies are 0.5-1.0 mm in diameter on MA after 72 h of incubation at 25 uC. Growth occurs at 15-30 uC, at pH 7.0-9.0 and with minimal growth at ,1 % and .4 % NaCl. Optimal growth occurs at 22-30 u C, at pH 8.0 and with 2-3 % NaCl. The type strain, PS125
T (5NCCB 100438 T 5CECT 8353 T ), was isolated from the octocoral Plexaura sp., collected off the coast of Bimini, Bahamas, at a depth of 17.0 m. The DNA G+C content of the type strain is 47.5 mol%.
